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Purpose: To describe our experience with levetiracetam (LEV) as initial or conversion
monotherapy treatment for juvenile myoclonic epilepsy (JME). Valproate, the usual
first line agent for JME, has chronic adverse effects, particularly for women of
childbearing potential. Since JME requires lifetime treatment, chronic adverse
effects of therapy are important consideration.
Methods: We reviewed the medical records of patients with JME treated with LEV in
the first 4 years after marketing. We recorded demographic data, results of EEG and
imaging studies, antiepileptic drug (AED) history, LEV initial dose and final dose, side
effects related to LEV, and therapeutic response to treatment. We classified JME into
definite and probable based on clinical and EEG criteria. The minimum duration of
follow up was 1 year.
Results: LEV was the first therapy in 12 patients and the initial appropriate agent in
16. Fourteen patients had been treated with another appropriate AED. Eighty percent
(24/30) of patients became seizure free with LEV monotherapy and two additional
patients showed improved seizure control. Final therapeutic doses of LEV ranged from
12 to 50 mg/(kg day). Complete seizure control using LEV was not predicted by
previous AED use. Treatment failure with valproate also did not predict failure of
LEV. Patients with definite JME responded best within the study group (11 of 11 seizure
free, p < 0.05).
Conclusions: This study supports consideration of LEV for first line treatment of JME
and suggests the need for a large prospective trial.
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Valproate is the standard treatment for adolescents
with idiopathic generalized epilepsy.1—5 However,. Published by Elsevier Ltd. All rights reserved.
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tial long-term adverse effects that include weight
gain, hair loss, peripheral edema, and hormonal dis-
turbances (e.g. polycystic ovary syndrome). An alter-
native treatment is desirable. Based on the early
favorable experiencewith several patientswith leve-
tiracetam (LEV), we have used LEV as the initial
treatment for all patients diagnosed with juvenile
myoclonic epilepsy (JME) for the last 5 years. An
important reason for this practice is the more favor-
able side effect profile in comparison with valproate.
Although FDA approval and published clinical trials
were restricted to add-on therapy for refractory
partial seizures, preliminary data supported the
use of LEV in patients with idiopathic generalized
epilepsy.6—8 Recently LEVwas approved as an adjunc-
tive therapy for JME; however there are limited data
on use of LEVasmonotherapy in this condition. In this
study we formally reviewed our experience with
long-term LEV efficacy in patients with JME.Methods
Patients
This study initially targeted patient with JME. It
included a retrospective medical record review of
43 consecutive patients with JME or probable/
potential JME seen by faculty of the Department
of Child Neurology at The Monroe Carrol Jr. Chil-
dren’s Hospital at Vanderbilt University Medical
Center (VUMC) between January 2001 and August
31, 2004. Search words of JME, juvenile myoclonic
epilepsy, and levetiracetam or Keppra searched an
electronic record file to identify appropriate
patients. The inclusion criteria for the purpose of
this study included age of onset between 5 and 21
years, treatment with LEV, and diagnosis of definite
or probable JME. The classification of JME was not
always straightforward. Among patient eventually
diagnosed with JME, a clear history of myoclonic
jerks was often not obtained by history, even after
providing detailed descriptions of the movements
and witnessing myoclonic jerks during the examina-
tion. Sometimes, the history of myoclonic jerks is
only established prospectively when the family
bears closer attention. A further difficulty in
restricting the study population is the late appear-
ance of myoclonic jerks in patients diagnosed with
juvenile absence epilepsy. We therefore examined
response to LEV in a larger group of patients with
juvenile onset idiopathic generalized epilepsy. The
following criteria classified patients as definite or
probable JME. Patients classified as definite JME
had: (1) generalized epilepsy with myoclonic jerksmainly upon awakening or sleep deprivation, with or
without generalized tonic—clonic seizures (GTC) and
with or without generalized absence seizures; (2)
normal intelligence; (3) normal documented neuro-
logical examinations; (4) generalized 3—6 Hz spike-
wave and/or polyspike-wave discharges on EEG; (5)
normal brain imaging (CTor MRI, if performed). Prob-
able JMEwas defined as having the above character-
istics except for one of the following: (1) subnormal
intelligence, (2) focal EEG findings,9,10 (3) no clear
report ofmyoclonic jerks, or (4) normal EEGornoEEG
on record. It is possible that this group includes
patients with juvenile absence epilepsy or epilepsy
with generalized tonic—clonic seizures only. We
excluded patients with more than one exception
and those not treated with LEV. Our final study popu-
lation consisted of 30 patients with definite or prob-
able JME, who were treated with LEV. Among the 13
patients excluded from the study, two classified as
probable JME, were lost in follow up after starting on
LEV; fourpatientswithsuspectedJMEwere less than5
years of age; and twopatients had never used LEVbut
appeared in the search because it was a considera-
tion. Five patients that turned up in the search
because of the word myoclonus did not have JME,
but had other diagnoses which included infantile
spasms, benign rolandic epilepsy, sleep myoclonus,
symptomatic epilepsy with severe hypoxia at birth,
and Angelman syndrome.
Data recording and analysis
The medical record review included a screen for the
inclusion criteria, the current age, all AED use
(including inappropriate and appropriate AEDs) and
specifically valproic acid (VPA) use, AED efficacy, and
AED adverse effects. We documented date of initial
LEV treatment, initial and final LEV dosages, with a
calculation of mg/(kg day) dosing when weight was
available, seizure control before and after LEV and
duration of LEV use. We considered patients seizure
free if they had had no seizures for at least 3 months.
Patients were considered improved if they had at
least 50% reduction in seizure frequency. We evalu-
ated the relationship between seizure freedom and
prior exposure and response to other AEDs and to
clinical features of epilepsy. Fisher’s exact test was
used for group comparison.Results
Patients and seizure types
Thirty patients met criteria for JME. Ten were male
and 20 female. The average age of onset was slightly
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Table 1 Patient groups
Definite JME Probable JME
Gender Five male, six female Five male, 14 female
Age (years) Mean 16.4 (range 9—21) Mean 17.5(range 8—23)
Age of onset (years) Mean 13 (range 7—16) Mean 10.1 (range 5—16)




Prior appropriate AED therapy 1 13
Prior VPA therapy 0 12greater than 11 years. The average duration of
epilepsy prior to LEV treatment was 3 years.
Twenty-eight patients had normal intelligence,
and two had mild learning disabilities. One patient
had prior developmental delay, but normal current
intelligence.
Eleven patients were classified with definite JME
and 19 with probable JME (Table 1). One patient
included in the definite group met all the criteria
but had 2.5—3 Hz spike-and-wave discharges
(extending below the lower borderline frequency
cut-off). This patient had an age at onset of 15
years, generalized myoclonic and tonic—clonic sei-
zures, a normal intelligence, and normal imaging.
All other patients satisfied the inclusion criteria
without exception. Of the 11 patients with definite
JME, all had myoclonic seizures, 9 had GTC seizures,
and two also had absence seizures. Of the 19
patients with probable JME, 17 had GTC seizures,
14 had definite myoclonic seizures, and 14 had
absence seizures.
EEG data and imaging
All patients had electroencephalograms (EEG) with
generalized epileptiform discharges by history.
Twenty-three patients had an electroencephalo-
gram (EEG) report available for review. Seventeen
of these recorded generalized epileptiform dis-
charges with a 2—6 Hz range of frequencies. Two
patients had apparent focal discharges on at least
one EEG in addition to the generalized activity. Ten
patients had a photoparoxysmal response; two did
not have photic stimulation. Six patients had only
normal EEG reports to review (but these patients
had prior abnormal EEGs). Eighteen patients had a
head CT or MRI.
Prior therapy
Twelve patients had never received an AED before
LEV therapy. Four additional patients had been
treated with inappropriate AEDs only and thereforecould be considered naı¨ve to appropriate AED ther-
apy. Fourteen patients had tried appropriate agents
prior to selection and use of LEV. Such agents
included sodium valproate, topiramate, zonisa-
mide, lamotrigine, and ethosuximide. Twelve
patients had tried VPA. Eight failed VPA therapy
due to persistent seizures and four could not
tolerate it. Eight patients received inappropriate
therapy before LEV. Six were treated with carba-
mazepine; three with phenytoin; and one patient
each with phenobarbital, gabapentin, and oxcarba-
zepine.
LEV therapy
The final treatment LEV doses ranged from 250 mg
BID to 1500 mg BID. The initial dose was 250 mg bid
for ages 10 and above and 10 mg/(kg day) below
age 10. This dose was increased after 3 days depend-
ing on tolerability and response to treatment. For
the 17 patients with available weight, the dose
range per unit weight was 10—59 mg/(kg day).
The average length of treatment was 27 months
for all 30 patients.
Response to LEV therapy
Of the 30 patients treated with LEV, 24 (80%)
patients were seizure free at follow-up and two
others reported seizure reduction (Table 2). All
seizure-free patients were either started or con-
verted to LEV monotherapy. All 11 patients with
definite JME became seizure free while 13 of the
19 (68%) patients with probable JME were seizure
free and 2 (10%) had a reduced seizure frequency
(p < 0.05). Of the ten patients who had a photo-
paroxysmal response, eight (80%) were seizure free
on LEV, and one had a seizure reduction.
Fourteen of the 16 (87.5%) patients who were
naı¨ve to appropriate AED became seizure free
(p = 0.26). Eight patients had failed VPA; six of these
(75%) were seizure free on LEV and one had reduced
seizure frequency. Although male gender alone was
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Table 2 Seizure response
Seizure free (n = 24) Non-seizure free (n = 6)
Gender Six male, 18 female Four male, two female
Definite JME/probable JME* 11/13 0/6
Age (years) Mean 16.5 (range 8—23) Mean 19.2 (range 17—21)
Age of onset (years) Mean 11.4 (range 5—16) Mean 10.6 (range 5—14)




Prior appropriate AED therapy 10 4
Prior VPA therapy 8 4
* p < 0.05.not a significant predictor of a lesser response to LEV
( p = 0.32), the combination of male gender and not
fulfilling strict criteria for JME was associated with a
lesser response to LEV ( p = 0.0026). The presence of
absence seizures was associated with a slight trend
for continuing seizures (11 of 16 seizure free with
absence seizures versus 13 of 14 seizure free with-
out, p = 0.12). Slight learning disabilities did not
adversely affect responsiveness. Of patients with
current (2) or remote (1) history of slight learning
difficulties, 2 became seizure free and 1 had seizure
reduction. All five patients with unclear history of
myoclonic jerks (the one factor making them fall
into the uncertain JME classification) were seizure
free.
Among the six patients who were not seizure free
on LEV, four (66.7%) had previously failed other
appropriate AEDs and all had continued to have
seizures with further AED adjustments/AED regi-
mens. Three of the six patients never achieved a
LEV dose above 25 mg/(kg day). These patients
were treated early on, before much experience
had been gained with LEV therapy. Retrospectively,
further dose escalation may have altered their
response. Three of the 24 patients that became
seizure-free required doses greater than 35 mg/
(kg day).
Adverse experiences
Discontinuation of LEV because of side effects was
required in only one of the 30 patients. This patient
was seizure free for 14 months, but mood distur-
bances necessitated stopping therapy. Mood fluctua-
tions were reported in another patient, but the
patient and family requested no change in treat-
ment because the patient was seizure free. It is
possible that the recording of mild adverse effects
was incomplete because these were not considered
important by the family and thus may not have been
reported.Discussion
Juvenile myoclonic epilepsy is an epileptic syn-
drome with generally good response to treatment,
unless inappropriate AEDs are used.11 Valproate
efficacy has been demonstrated repeatedly in
JME, and this medication has been the main recom-
mended initial treatment of juvenile myoclonic
epilepsy.4,5 However, in view of valproate chronic
adverse effects, some of the newer AEDs are now
being used, particularly lamotrigine and topira-
mate.12 LEV is a newer AED with very favorable
pharmacokinetic properties and adverse experience
profile.13 There is evidence for efficacy in animal
models of generalized epilepsy14 as well as in sup-
pression of generalized spike-and-wave dis-
charges.15 There is also preliminary evidence of
efficacy in human idiopathic generalized epilepsy,
particularly in juvenile myoclonic epilepsy. How-
ever, most studies included only refractory
patients,6 and used LEV as an adjunctive medica-
tion.16 The current study is exceptional in that many
patients treated were drug naı¨ve, and LEV was often
used as first line treatment.
The seizure-free rate in the current study was
87%, much greater than reported in one placebo-
controlled add-on trial in refractory patients.17 The
latter trial reported a 58.3% responder rate for
myoclonic seizures with LEV versus 23.3% with pla-
cebo. The difference suggests that drug naı¨ve
patients are much more likely to be responders to
LEV. The greater seizure-free rate in our study may
also relate to a shorter duration of the epilepsy. The
mean age of our patients was 17, and the mean
duration of epilepsy at LEV treatment was just 3
years. The patient age range in the add-on trial was
12—65 years and many of these patients may have
had epilepsy for more than a decade.
The effectiveness of LEV in this study was com-
parable to previous reports on VPA.4 Nevertheless,
our patients who failed therapy with valproate
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patients. This likely reflects a different mechanism
of action for the two drugs, and does not imply
superiority of LEV over VPA. This study was not
designed to compare the two AEDs. One category
of patients stood out as having a higher probability
of responsiveness, the definite JME group. The clas-
sical JME group may have a more homogenous
pathophysiology that is particularly responsive to
LEV. In addition, the classical JME group seemed to
have received LEV treatment earlier in its course.
The overall LEV response rate may be underesti-
mated in the current study because of the inclusion
of some refractory patients. In addition, higher LEV
dosages could have been successful in some patients
considered drug failures. In three such patients,
treatment with LEV stopped with doses below
25 mg/(kg day). Review of the other responders
indicates that more than 7 of the 24 responded to
doses of >25 mg/(kg day) and 3 required more than
35 mg/(kg day).
The current study supports the use of LEV as
another initial or early monotherapy for JME. While
the patient number is relatively small, our study
suggests that LEV efficacy in the treatment of JME is
comparable to that published for valproate. Valpro-
ate refractoriness alone does not affect the respon-
siveness to LEV. A prospective trial comparing
levetiracetam and valproate for newly treated juve-
nile myoclonic epilepsy would help to confirm our
observations. The trial design should ideally include
the possibility of cross over from one agent to the
other if patients fail to respond or experience intol-
erable adverse effects. Until we have definitive data
from such a comparative trial, valproate should still
be considered a first line agent for JME in men, in
view of the volume of efficacy data on this agent.References
1. Panayiotopoulos CP, Obeid T, Tahan AR. Juvenile myoclonic
epilepsy: a 5-year prospective study. Epilepsia 1994;35:
285—96.2. Kleveland G, Engelsen BA. Juvenile myoclonic epilepsy: clin-
ical characteristics, treatment and prognosis in a Norwegian
population of patients. Seizure 1998;7:31—8.
3. Grunewald RA, Panayiotopoulos CP. Juvenile myoclonic epi-
lepsy. A review. Arch Neurol 1993;50:594—8.
4. Dreifuss FE. Juvenile myoclonic epilepsy: characteristics of a
primary generalized epilepsy. Epilepsia 1989;30(Suppl.
4):S1—7. [Discussion S24—7].
5. Clement MJ, Wallace SJ. Juvenile myoclonic epilepsy. Arch
Dis Child 1988;63:1049—53.
6. Krauss GL, Betts T, Abou-Khalil B, Gergey G, Yarrow H, Miller
A. Levetiracetam treatment of idiopathic generalised epi-
lepsy. Seizure 2003;12:617—20.
7. Abou-Khalil B, Lazenby B. Long-term experience with leve-
tiracetam. Epileptic Disord 2003;5(Suppl. 1):S33—7.
8. Abou-Khalil B, Hemdal P, Privitera MD. An open-label study of
levetiracetam at individualised doses between 1000 and
3000 mg day(1) in adult patients with refractory epilepsy.
Seizure 2003;12:141—9.
9. Lancman ME, Asconape JJ, Penry JK. Clinical and EEG asym-
metries in juvenile myoclonic epilepsy. Epilepsia 1994;35:
302—6.
10. Aliberti V, Grunewald RA, Panayiotopoulos CP, Chroni E. Focal
electroencephalographic abnormalities in juvenile myoclo-
nic epilepsy. Epilepsia 1994;35:297—301.
11. Atakli D, Sozuer D, Atay T, Baybas S, Arpaci B. Misdiagnosis
and treatment in juvenile myoclonic epilepsy. Seizure
1998;7:63—6.
12. Prasad A, Kuzniecky RI, Knowlton RC, Welty TE, Martin RC,
Mendez M, et al. Evolving antiepileptic drug treatment
in juvenile myoclonic epilepsy. Arch Neurol 2003;60:
1100—5.
13. Patsalos PN. Pharmacokinetic profile of levetiracetam:
toward ideal characteristics. Pharmacol Ther 2000;85:
77—85.
14. Gower AJ, Hirsch E, Boehrer A, Noyer M, Marescaux C. Effects
of levetiracetam, a novel antiepileptic drug, on convulsant
activity in two genetic rat models of epilepsy. Epilepsy Res
1995;22:207—13.
15. Gallagher MJ, Eisenman LN, Brown KM, Erbayat-Altay E,
Hecimovic H, Fessler AJ, et al. Levetiracetam reduces
spike-wave density and duration during continuous EEG mon-
itoring in patients with idiopathic generalized epilepsy. Epi-
lepsia 2004;45:90—1.
16. Verdru P, Wajgt A, Schiemann Delgado J, Noachtar S. Efficacy
and safety of levetiracetam 3000 mg/d as adjunctive treat-
ment in adolescents and adults suffering from idiopathic
generalised epilepsy with myoclonic seizures. Epilepsia
2005;46:56—7.
17. Andermann E, Andermann F, Meyvisch P, Vandendriessche A,
Schiemann Delgado J. Seizure control with levetiracetam in
juvenile myoclonic epilepsies. Epilepsia 2005;46(Suppl.
8):205.
